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PLANAR OPTICAL WAVEGUIDE BASED ON
TWO-DIMENSIONAL OPTICAL GRATING

CROSS REFERENCE OF RELATED
APPLICATION

This application 1s a Continuation application that claims
the benefit of priority under 35U.S.C. § 120 to a non-

provisional application, application Ser. No. 16/726,815,
filed Dec. 24, 2019, which 1s a non-provisional application
that claims priority under 35U.5.C. § 119 to China applica-

tion number CN201811597280.3, filed on Dec. 26, 2018,
which are incorporated herewith by references in their
entirety.

NOTICE OF COPYRIGHT

A portion of the disclosure of this patent document
contains material which 1s subject to copyright protection.
The copyright owner has no objection to any reproduction
by anyone of the patent disclosure, as it appears in the
United States Patent and Trademark Oflice patent files or
records, but otherwise reserves all copyright rights whatso-
ever.

BACKGROUND OF THE PRESENT
INVENTION

Field of Invention

The present invention relates to the technical field of
augmented reality, and more particularly to a planar optical
waveguide based on two-dimensional optical grating.

Description of Related Arts

The augmented reality technology, which 1s a new tech-
nology that integrates real world information and virtual
world information “seamlessly”, simulates physical infor-
mation that 1s diflicult to experience 1n a certain time and
space of the real world through computerized simulation,
and then applies the simulated virtual information to the real
world to provide information which 1s integrated with the
real world information and the virtual word information and
1s percervable by human eyes, so as to achieve a sensory
experience that transcends reality, provides an interactive
experience of a real environment where virtual objects
reside 1n the real world 1n a same screen or space in a real
time manner.

The augmented reality technology not only has a wide
range of applications in applications similar to virtual reality
technology, such as research and development of cutting-
edge weapons and aircrait, data model visualization, virtual
training, virtual entertainment and art, but also has many
obvious advantages than virtual reality technology in the
fields of medical research and anatomical training, precision
instrument manufacturing and maintenance, military aircratt
navigation, engineering design and remote robot control
because of 1ts characteristics of augmenting rather than
replacing the real world.

One established solution for optical see-through aug-
mented reality display comprises a free-form prism with a
compensating element for distortion correction for the real-
world channel. Since the free-form prism cannot be too thin
due to 1ts optical power requirement, the form factor of this
solution 1s not compact enough for an i1deal near-eye glass-
like augmented reality display.
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Another solution for optical see-through augmented real-
ity display adopts a planar optical waveguide which makes

use of total internal reflection to transport light output from
a projector, and multiple reflective surfaces or gratings to
gradually send light out of the waveguide to achieve exit
pupil expansion and thus effectively reduce the thickness of
the optical system. In these types ol conventional planar
optical waveguides, the optical components for 1mage 1n-
coupling, exit pupil expansion, and i1mage out-coupling
needs to be designed and manufactured separately, and
therefore the manufacturability being low and manufactur-
ing cost being high are two major drawbacks for this type of
conventional planar optical waveguides.

SUMMARY OF THE PRESENT INVENTION

The mvention 1s advantageous 1n that 1t provides a planar
optical waveguide based on two-dimensional grating with an
integrated optical configuration for in-coupling, exit pupil
expansion and out-coupling. Because of these three indi-
vidual functionalities being integrated into one monolithic
structure, the optical waveguide of the present invention 1s
casy to manufacture, as well as tlexible and convenient to
use.

Another advantage of the present invention 1s to provide
a planar optical waveguide based on two-dimensional grat-
ing comprising an optical waveguide substrate and a func-
tional grating element, wherein the substrate of the planar
optical waveguide 1s a transparent plane-parallel plate,
wherein the functional grating element 1s a two-dimensional
grating with a fixed period and an angle between two grating
directions being 60°, wherein the output light of a micro-
projector can enter the optical waveguide through any area
of the functional grating element and thus giving a tremen-
dous in-coupling flexibility, and wherein the total internal
reflected light can be projected out of the substrate from any
areca ol the functional grating element and thus giving a
tremendous out-coupling flexibility for user’ eyes to view
the output 1mage.

Another advantage of the present invention 1s to provide
a planar optical waveguide based on two-dimensional grat-
ing, wherein the present invention can realize in-coupling,
exit pupil expansion and out-coupling of the output light
projected from the micro-projector through a two-dimen-
sional grating, so as to eflectively reduce the alignment
tolerance between the optical waveguide and the micro-
projector, expand the visible area of the optical waveguide,
and eflectively reduce manufacturing cost.

Another advantage of the present invention 1s to provide
a planar optical waveguide based on two-dimensional grat-
ing, wherein the depths and shapes of a plurality of grating
members 1n different areas of the two-dimensional grating,
can be modulated, so as to improve the intensity uniformity
of the out-coupled image.

Another advantage of the present invention 1s to provide
a planar optical waveguide based on two-dimensional grat-
ing, wherein the grating 1s a monolithic structure and thus
suitable for mass-production as well as for application
adaption.

Additional advantages and features of the invention will
become apparent from the description which follows, and
may be realized by means of the nstrumentalities and
combinations particularly pointing out in the appended
claims.

According to the present invention, the foregoing and
other objects and advantages are attained by a planar optical
waveguide based on two-dimensional grating, wherein the
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planar optical waveguide comprises an optical waveguide
substrate which 1s a transparent plane-parallel plate, and a
functional grating element which 1s a two-dimensional grat-
ing having an angle of 60° between two grating directions.
The two-dimensional grating can be protruded from the top
surface of the optical waveguide substrate, or be etched 1n as
a groove at the top of the optical waveguide substrate.

The transparent plane-parallel waveguide substrate 1s a
flat plate made of optical material that transmits visible
spectrum. The top surface of the waveguide substrate 1s
parallel to the bottom.

When the light emitted by a micro-projector 1s incident
onto an arbitrary area of the functional grating element,
multiple diffraction orders generated by the two-dimen-
sional grating then enter the plane-parallel waveguide along
multiple directions, and propagate 1nside the waveguide by
means of total internal reflection. Each time the light of
multiple orders encounter the functional grating element,
they get diffracted again. A part of the light will be difiracted
and coupled out of the waveguide and enter human eye, and
the other portion will continue propagating 1nside the sub-
strate. Through various numbers of diffractions, light are
coupled out of the planar optical waveguide at various
positions that cover the entire functional area of grating, and
as a result, the human eye can observe a complete image
across the entire functional area of grating.

Preferably, the refractive index of the plane-parallel
waveguide substrate 1s 1n the range of 1.4-2.2, and the
thickness thereof 1s 1n the range of 0.3-2.5 mm. Currently,
the refractive index of the ofl-the-shelf optical materials
suitable for AR waveguides 1s generally within this range. In
principle, increasing the refractive index of the substrate
helps to enlarge the field-of-view of the present invention,
and therefore 1s generally preferable.

Preferably, the period of the two-dimensional grating is in
the range of 200-700 nm.

Preferably, each of the plurality of grating members of the
two-dimensional grating 1s a cylindrical or a diamond col-
umn, wherein 1ts bottom cross section 1s preferred to have
either a cylindrical or a diamond shape. Not limited to the
above two structural types, each of the plurality of grating
members of the two-dimensional grating can also have other
suitable shapes.

Preferably, the diameter of the cylindrical column or side
length of the diamond column 1s 1n the range of 50-6350 nm,
and the height or depth thereot 1s in the range of 80-650 nm.

Preferably, the in-coupling position 1s fixed at a certain
location over the functional grating element. The intensity of
light propagating inside the optical waveguide gradually
decreases along with continuous out-coupling by the two-
dimensional grating, and thus the brightness of the output
image gradually decreases along the direction of exit pupil
expansion 1f the grating structure 1s non-variant. In order to
solve the above problem, the column depths or diameters of
the plurality of grating members of the two-dimensional
grating 1n different areas are controlled and modulated so
that the brightness of the output image across the grating
area 1s relatively uniform. In order to control the uniformity
of the output 1image, the i-coupling area 1s preferred to be
fixed at a certain position over the functional grating ele-
ment. Alternatively, if the requirement on 1mage uniformity
1s not high, 1t might not be necessary to modulate depth or
shape, and then the 1mage can be coupled at any location
over the grating area, 1.¢. there 1s no need to specifically set
an in-coupling position.
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Furthermore, the diameter or side length of the 1n-cou-
pling grating structure is in the range of 200-650 nm, and the

height or depth 1s 1n the range of 200-650 nm.

Preferably, the diameter or side length of the grating
structure located at the in-coupling position are greater than
those of the grating structure located at the out-coupling
positions. The height or depth of the grating structure
located at the 1in-coupling position are greater than those of
the grating structure located at the out-coupling positions.

Furthermore, the diameter or side length of the grating
structure increases with the distance of the out-coupling
position from the in-coupling location.

Preferably, the height or depth of the grating structure
increases with the distance of the out-coupling position from
the 1n-coupling location.

The depth and shape of the two-dimensional grating are
preferred to be modulated so that the uniformity of the light
intensity of the out-coupled 1image across the grating area 1s
enhanced.

Still further objects and advantages will become apparent
from a consideration of the ensuing description and draw-
Ings.

These and other objectives, features, and advantages of
the present mvention will become apparent from the fol-
lowing detailed description, the accompanying drawings,
and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view of a planar optical wavegude
based on two-dimensional grating according to a first pre-
ferred embodiment of the present invention.

FIG. 2 1s a top-down view illustrating the planar optical
waveguide based on two-dimensional grating according to
the above first preferred embodiment of the present inven-
tion, wherein each of the grating member of the two-
dimensional grating 1s a cylindrical column.

FIG. 3 1s a top-down view 1illustrating light propagation
inside the planar optical waveguide based on two-dimen-
sional grating according to the above first preferred embodi-
ment of the present mnvention.

FIG. 4 1s a schematic view 1illustrating the layout of
operation umt of the planar optical waveguide based on
two-dimensional grating according to the above first pre-
ferred embodiment of the present invention.

FIG. 5 1s a schematic view of a planar optical wavegude
based on two-dimensional grating according to a second
preferred embodiment of the present invention.

FIG. 6 1s a top-down view illustrating the planar optical
waveguide based on two-dimensional grating according to
the above first and second preferred embodiments of the
present invention, wherein each of the grating member of the
two-dimensional grating 1s a diamond column where its
bottom cross section has a diamond shape.

FIG. 7 1s a top-down view illustrating the planar optical
waveguide based on two-dimensional grating according to
the above first and second preferred embodiments of the
present invention, wherein each of the grating member of the
two-dimensional grating 1s an elliptical column.

FIG. 8 1s a top-down view illustrating the planar optical
waveguide based on two-dimensional grating according to
the above first and second preferred embodiments of the
present invention, wherein each of the grating member of the
two-dimensional grating 1s a column where 1ts bottom cross
section has a side-etched diamond shape.

FIG. 9 1s a top-down view illustrating the planar optical
waveguide based on two-dimensional grating according to
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the above first and second preferred embodiments of the
present invention, wherein each of the grating member of the
two-dimensional grating i1s a triangular column.

L1l

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENT

The following description i1s disclosed to enable any
person skilled imn the art to make and use the present
invention. Preferred embodiments are provided in the fol-
lowing description only as examples and modifications will
be apparent to those skilled 1n the art. The general principles
defined 1n the following description would be applied to
other embodiments, alternatives, modifications, equivalents,
and applications without departing from the spirit and scope
ol the present invention.

Referring to FIG. 1 and FIG. 2, a planar optical wave-
guide based on a two-dimensional grating according to a
first preferred embodiment of the present invention includes
an optical waveguide substrate 1 and a functional grating
clement 2.

The optical waveguide substrate 1 1s a transparent plane-
parallel plate which has two tlat surfaces enclosing a volume
of an optical material that transmits visible spectrum. The
top surface 102 and the bottom surface 103 of the waveguide
substrate are parallel. The thickness of the waveguide sub-
strate 1s 1n the range of 0.3-2.5 mm, and the refractive index
of the waveguide matenal 1s 1n the range of 1.4-2.2. Refer-
ring to FIG. 2, the functional grating element 2 1s a two-
dimensional grating with two grating directions D1 and D2
having an angle of 60° 1n between. The grating period T 1s
in the range of 200-700 nm. The grating can be modulated
in depth and shape in selected areas of the waveguide. The
two-dimensional grating comprises a plurality of grating
members 201 arranged 1n an array to define the two grating,
directions D1 and D2. FIG. 2 illustrates a case in which each
grating member 1s cylindrical. As shown 1n FIGS. 6, 7, 8,
and 9, grating member 201 of the two-dimensional grating
may also have other shapes.

Referring to FIG. 3, after the output image of the micro-
projector 3 1s projected onto any functional area of the
grating, light 1s diflracted by the grating to generate four
diffraction orders—b, ¢, d, and e—that are respectively
propagating along four directions inside the plane-parallel
waveguide. The incidence angles of the four beams on the
waveguide surfaces are all greater than the critical angle
required for total internal reflection, ensuring that the beams
can propagate inside the plane-parallel waveguide without
loss. When the beams of b, ¢, d and e are incident upon the
functional grating element again, a portion of the light will
be diffracted and coupled out of the plane-parallel wave-
guide, and the remaining portion of the light will be dii-
fracted by the two-dimensional grating into three difiraction
orders which keep propagating inside the waveguide sub-
strate through total internal reflection. For instance, light b
will be diffracted 1nto orders 1, g, and h, all three of which
continue to propagate inside the planar optical waveguide.
In this way, light can eventually be coupled out and the
out-coupling footprint covers the entire functional grating
area, and as a result the human eye 4 can see a complete and
continuous 1mage across a large eye-box.

The two-dimensional grating in FIG. 1 1s protruded from
the top surface 102 of the plane-parallel waveguide. Refer-
ring to FIG. 5, the two-dimensional grating of the present
invention may also be recessed into the top surface of the
waveguide substrate 1.
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Example 1

As shown 1n FIGS. 1 and 2, the planar optical waveguide
based on the two-dimensional grating of this example of the
present invention includes an optical waveguide substrate 1
and a functional grating element 2.

In this example, the optical waveguide substrate 1 1s a
plane-parallel glass plate with top surface 102 and bottom
surface 103 being 1n parallel with each other. The thickness

of the substrate 1s 0.5 mm. The refractive index of the
substrate 1s 1.5.

A two-dimensional grating, which comprises a plurality
of grating members 201 embodied as cylindrical columns,
with an angle of 60° between the two grating directions, a
pertod T of 360 nm, a column diameter R of 100 nm, and a
depth of 150 nm, 1s formed on the surface of the plane-

parallel glass plate (optical waveguide substrate 1) to work
as the functional structure.

The optical waveguide 1s divided 1nto 30 areas as shown
in FIG. 4 with A to E along the vertical direction and 1 to 6
along the horizontal direction. The 1mage projected out from
the micro-projector 3 enters the optical waveguide through
C5, and the 1mage intensity 1s measured in the remaining
areas. The normalized intensity results are shown 1n table 1.

TABLE 1

Normalized 1image intensitv of Example 1

1 2 3 4 5 6
A 0.5 0.6 0.7 0.8 0.7 0.8
B 0.6 0.65 0.75 1 0.8 1
C 0.65 0.7 0.8 0.9 In- 0.9
coupling
D 0.6 0.65 0.75 1 0.8 1
E 0.5 0.6 0.7 0.8 0.7 0.8
Example 2

As shown 1n FIGS. 1 and 2, the planar optical waveguide
based on the two-dimensional grating of this example of the
present invention includes an optical waveguide substrate 1
and a functional grating element 2.

In this example, the optical waveguide substrate 1 1s a
plane-parallel glass plate with top surface 102 and bottom
surface 103 being in parallel with each other. The thickness
of the substrate 1s 1.9 mm. The refractive index of the
substrate 1s 1.8.

A two-dimensional grating, which comprises a plurality
of grating members 201 embodied as diamond columns
whose bottom cross section has a diamond shape, with an

angle of 60° between the two grating directions, a period T
of 450 nm, a side length of 200 nm, and a depth of 250 nm,
1s formed on the surface of the plane-parallel glass plate
(optical waveguide substrate 1) to work as the functional
structure.

The optical waveguide 1s divided into 30 areas with A to
E along the vertical direction and 1 to 6 along the horizontal
direction. The image projected out from the micro-projector
3 enters the optical waveguide through C4, and the image
intensity 1s measured in the remaining areas. The normalized
intensity results are shown in table 2.
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TABLE 2

Normalized 1mage ntensity of Example 2

1 2 3 4 5 6
A 0.63 0.75 0.85 0.75 0.85 0.75
B 0.7 0.75 1 0.85 1 0.75
C 0.75 0.85 0.9 In- 0.9 0.85

coupling
D 0.7 0.8 1 0.8 1 0.8
E 0.65 0.75 0.85 0.7 0.85 0.75
Example 3

As shown 1n FIGS. 1 and 2, the planar optical waveguide
based on the two-dimensional grating of this example of the
present invention includes an optical waveguide substrate 1
and a functional grating element 2.

In this example, the optical waveguide substrate 1 1s a
plane-parallel glass plate with top surface 102 and bottom
surface 103 being 1n parallel with each other. The thickness
of the substrate 1s 0.5 mm. The refractive mdex of the
substrate 1s 1.5.

A two-dimensional grating, which comprises a plurality
of grating members 201 embodied as cylindrical columns,
with an angle of 60° between the two grating directions, a
pertod T of 360 nm, and a column diameter R of 100 nm, 1s
formed on the surface of the plane-parallel glass plate
(optical waveguide substrate 1) to work as the functional
structure.

The intensity of light propagating inside the optical wave-
guide gradually decreases along with continuous out-cou-
pling by the two-dimensional grating, and thus the bright-
ness ol the output image gradually decreases along the
direction of exit pupil expansion 1f the grating structure is
non-variant. In order to solve the above problem, the column
depths of the plurality of grating members 201 of the
two-dimensional grating in different areas are controlled and
modulated so that the brightness of the output 1mage across
the grating area 1s relatively uniform. More specifically, the
optical waveguide 1s divided into 30 areas with A to E along
the vertical direction and 1 to 6 along the horizontal direc-
tion, 1n which gratings are manufactured with column depths
shown 1n table 3.

TABLE 3

Column depths of two-dimensional gratings of Example 3

| 2 3 4 5 6
A 250 nm 200mm  170nm 140 nm 120 nm 140 nm
B 200 nm 170nm 140 nm 120 nm 100 nm 120 nm
C 200 nm 170 nm 140 nm 120nm 250 nm 120 nm
D 200 nm 170nm 140 nm 120 nm 100 nm 120 nm
k 250 nm 200mm  170nm 140 nm 120 nm 140 nm

The 1image projected out from the micro-projector 3 enters
the optical waveguide through C5, and the image intensity
1s measured 1n the remaining areas. The normalized intensity
results are shown 1n table 4.
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TABLE 4

Normalized image intensity of Example 3

1 2 3 4 5 6
A 0.85 0.8% 0.95 0.96 0.7 0.96
B 0.9 0.92 0.95 1 0.8 1
C 0.9 0.92 0.95 0.97 In- 0.97
coupling
D 0.9 0.92 0.95 1 0.8 1
E 0.85 0.88 0.95 0.97 0.7 0.97
Example 4

As shown 1n FIGS. 1 and 2, the planar optical waveguide
based on the two-dimensional grating of this example of the

present invention includes an optical waveguide substrate 1
and a functional grating element 2.

In this example, the optical waveguide substrate 1 1s a
plane-parallel glass plate with top surface 102 and bottom
surface 103 being 1n parallel with each other. The thickness
of the substrate 1s 0.5 mm. The refractive index of the
substrate 1s 1.5.

A two-dimensional grating, which comprises a plurality
of grating members 201 embodied as cylindrical columns,
with an angle of 60° between the two grating directions, a
pertod T of 360 nm, and depth of 150 nm, 1s formed on the
surface of the plane-parallel glass plate (optical waveguide
substrate 1) to work as the functional structure.

The mtensity of light propagating inside the optical wave-
guide gradually decreases along with continuous out-cou-
pling by the two-dimensional grating, and thus the bright-
ness ol the output image gradually decreases along the
direction of exit pupil expansion 1f the grating structure 1s
non-variant. In order to solve the above problem, the diam-
cter R of the plurality of grating members 201 of the
two-dimensional grating in different areas are controlled and
modulated so that the brightness of the output 1mage across
the grating area 1s relatively uniform. More specifically, the
optical waveguide 1s divided 1nto 30 areas with A to E along
the vertical direction and 1 to 6 along the horizontal direc-
tion, in which gratings are manufactured with column diam-
eters R shown 1n table 5.

TABLE 5

Column diameters R of two-dumensional gratings of Example 4

| 2 3 4 5 6
A 260 nm 240 nm  210nm 170 nm 130 nm 170 nm
B 240 nm 210 nm  170nm 130 nm 100 nm 130 nm
C 240 nm 210 nm  170nm 130 nm 220nm 130 nm
D 240 nm 210 nm  170nm 130 nm 100 nm 130 nm
E 260 nm 240 nm  210nm 170 nm 130 nm 170 nm

The 1mage projected out from the micro-projector 3 enters

the optical waveguide through C5, and the image 1ntensity
1s measured 1in the remaining areas. The normalized intensity
results are shown 1n table 6.

TABLE 6

Normalized image intensity of Example 4

1 2 3 4 5 0
A 0.82 0.88 0.91 0.94 0.94 0.94
B 0.88 0.91 0.95 1 0.96 1
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TABLE 6-continued

Normalized image intensity of Example 4

1 2 3 4 5 6
C 0.88 0.91 0.93 0.96 In- 0.96
coupling
D 0.88 0.91 0.93 1 0.96 1
E 0.82 0.88 0.91 0.94 0.94 0.94

The present invention realizes in-coupling, exit pupil
expansion and out-coupling of light through a two-dimen-
sional grating optical waveguide with a fixed period. After
light output from the micro-projector 3 passes through any
area of the functional grating element 2, it gets diflracted by
the two-dimensional grating to produce multiple diffraction
orders which enter the optical waveguide substrate 1, and
gets out-coupled from the waveguide after various numbers
of bounces 1nside the optical waveguide substrate 1, and as
a result, the output 1mage can be seen across the entire area
of the functional grating element 2. The invention involves
a monolithic structure, which is suitable for mass-production
as well as for application adaption.

One skilled 1n the art will understand that the embodiment
of the present imvention as shown in the drawings and
described above 1s exemplary only and not intended to be
limiting.

It will thus be seen that the objects of the present
invention have been fully and effectively accomplished. The
embodiments have been shown and described for the pur-
poses of illustrating the functional and structural principles
of the present invention and are subject to change without
departure from such principles. Therefore, this mmvention
includes all modifications encompassed within the spirit and
scope of the following claims.

What 1s claimed 1s:

1. An augmented reality display, comprising:

a micro-projector for light output; and

a planar optical waveguide configured for transporting the
light output from said micro-projector, wherein said
planar optical waveguide comprises an optical wave-
guide substrate which 1s a transparent plane parallel
waveguide, and a functional grating element coupled to
said optical waveguide substrate, wherein said func-
tional grating element 1s a two-dimensional grating
having two grating directions having a predetermined
angle therebetween, wherein a refractive index of said
parallel waveguide 1s 1n the range of 1.4-2.2 and a
thickness of said parallel waveguide is in the range of
0.3-2.5 mm, wherein said predetermined angle between
said grating directions 1s 60°.

2. An augmented reality display, comprising:

a micro-projector for light output; and

a planar optical waveguide configured for transporting the
light output from said micro-projector, wherein said
planar optical waveguide comprises an optical wave-
guide substrate which 1s a transparent plane parallel
waveguide, and a functional grating element coupled to
said optical waveguide substrate, wherein said func-
tional grating element 1s a two-dimensional grating
having two grating directions having a predetermined
angle therebetween, wherein a refractive index of said
parallel waveguide 1s 1n the range of 1.4-2.2 and a
thickness of said parallel waveguide is in the range of
0.3-2.5 mm, wherein the period of the two-dimensional
grating 1s in the range of 200-700 nm.
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3. An augmented reality display, comprising:

a micro-projector for light output; and

a planar optical waveguide configured for transporting the

light output from said micro-projector, wherein said
planar optical waveguide comprises an optical wave-
guide substrate which 1s a transparent plane parallel
waveguide, and a functional grating element coupled to
said optical waveguide substrate, wherein said func-
tional grating element 1s a two-dimensional grating
having two grating directions having a predetermined
angle therebetween, wherein a refractive index of said
parallel waveguide 1s 1n the range of 1.4-2.2 and a
thickness of said parallel waveguide is in the range of
0.3-2.5 mm, wherein said two-dimensional grating
comprises a plurality of grating members arranged 1n
an array, wherein each of said plurality of grating
members of the two-dimensional grating 1s a cylindri-
cal column.

4. An augmented reality display, comprising:

a micro-projector for light output; and

a planar optical waveguide configured for transporting the

light output from said micro-projector, wherein said
planar optical waveguide comprises an optical wave-
guide substrate which 1s a transparent plane parallel
waveguide, and a functional grating element coupled to
said optical waveguide substrate, wherein said func-
tional grating element 1s a two-dimensional grating
having two grating directions having a predetermined
angle therebetween, wherein a refractive index of said
parallel waveguide 1s 1n the range of 1.4-2.2 and a
thickness of said parallel wavegude i1s in the range of
0.3-2.5 mm, wherein said two-dimensional grating
comprises a plurality of grating members arranged 1n
an array, wherein each of said plurality of grating
members of the two-dimensional grating 1s a diamond
column, wherein the bottom cross section of said
diamond column has a diamond shape.

5. The augmented reality display, as recited in claim 3,
wherein the diameter of said cylindrical column of each of
said plurality of grating members of said two-dimensional
grating 1s 1n the range of 50-650 nm, and the height thereof
1s 1n the range of 80-650 nm.

6. The augmented reality display, as recited in claim 4,
wherein the side length of said diamond column of each of
said plurality of grating members of said two-dimensional
grating 1s 1n the range of 50-650 nm, and the height thereof
1s 1n the range of 80-650 nm.

7. An augmented reality display, comprising:

a micro-projector for light output; and

a planar optical waveguide configured for transporting the

light output from said micro-projector, wherein said
planar optical waveguide comprises an optical wave-
guide substrate which 1s a transparent plane parallel
waveguide, and a functional grating element coupled to
said optical waveguide substrate, wherein said func-
tional grating element 1s a two-dimensional grating
having two grating directions having a predetermined
angle therebetween, wherein a refractive index of said
parallel waveguide 1s 1n the range of 1.4-2.2 and a
thickness of said parallel waveguide i1s in the range of
0.3-2.5 mm, wherein said two-dimensional grating
comprises one or more grating members and each of
said one or more grating members 1s a cylindrical
column, wherein the diameter of each cylindrical col-
umn 1s in the range of 200-650 nm, and the height
thereof 1s 1n the range of 200-650 nm.
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8. An augmented reality display, comprising;:

a micro-projector for light output; and

a planar optical waveguide configured for transporting the
light output from said micro-projector, wherein said
planar optical waveguide comprises an optical wave- 5
guide substrate which 1s a transparent plane parallel
waveguide, and a functional grating element coupled to
said optical waveguide substrate, wherein said func-
tional grating element 1s a two-dimensional grating
having two grating directions having a predetermined 10
angle therebetween, wherein a refractive index of said
parallel waveguide 1s 1n the range of 1.4-2.2 and a
thickness of said parallel waveguide 1s 1n the range of
0.3-2.5 mm, wherein said two-dimensional grating
comprises one or more grating members and each of 15
said one or more grating members 1s a diamond col-
umn, wherein the bottom cross section of said diamond
column has a diamond shape, wherein the side length
of each diamond column at said in-coupling position 1is

in the range of 200-650 nm, and the height thereof 1s 1n 20
the range of 200-650 nm.
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